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1. Introduction 
The purpose of this paper is to show that useful information about a wide 
variety of proposed government policies can be obtained through simulation 
experiments with.a detailed macroeconomic model. In particular, the simulation 
technique can provide information about the effects of a policy on the long-run 
growth of per capita income. Since accelerating the growth of per capita income 
is usually an important national goal, especially in underdeveloped countries, 
this kind of information should be of special interest to the authorities who must 
decide which policies to adopt and which to reject. 
The advantage of using a macroeconomic model in evaluating an individual 
policy is that the mode! permits one to recognize various indirect effects or 
repercussions which are generally ignored in standard techniques of evaluation. 
Consider, for example, a policy of increasing enrolment in secondary schools. 
A standard procedure here would involve comparing the increase in the future 
earnings of the additional students with the cost of the policy.’ But this would 
ignore various other ways in which the policy may affect economic well-being. 
In particular, an expansion of education among teenage girls is likely to cause a 
reduction in fertility rates, with generally positive effects on the growth of per 
capita income. Furthermore, the wage-rates which govern the size of the direct 
return to secondary schooling are not really exogenous, as assumed in conven- 
tional benefit-cost analysis, but may be affected by the policy itself. If the policy 
*The authors wish to acknowledge gratefully the helpful suggestions received from Harvey 
E. Brazer and William B. Neenan on an earlier draft of this paper, but accept responsibility 
for errors remaining. Financial support for the project was generously provided by the Pan 
American Health Organization and the University of Michigan’s Center for Research on 
Economic Development. 
‘For an example of such an approach, see Bowles (1967). 
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causes a significant rise in output and saving, and hence in the amount of 
capital per worker, wage-rates can be expected to rise in the future. Only through 
the use of a model which specifies the various relationships between educational 
attainment, fertility, output, the capital stock, and wage rates can the indirect 
effects be properly recognized. 
The technique of using a macroeconomic model to simulate the effects of 
selected government policies on the future course of target variables is well 
established.’ In the present study, we attempt to apply the technique to a broader 
range of policies than has hitherto been covered. In particular, we concern our- 
selves with projects in the fields of education and health, involving investment in 
human capital. This concern has meant refining the labor sector in the macro- 
economic model to an unusual degree. The size of the labor force, moreover, is 
not given exogenously, as is usually the case in macroeconomic models, but 
instead is determined by a large number of demographic and economic variables. 
All of these are in turn endogenous, except for those which are directly controlled 
by government, such as military service rates. The sizes of the population cohorts, 
for example, depend on past birth and death rates, which are themselves linked 
to various economic and demographic variables. The greater the interdependence 
achieved within the model, the greater the degree of realism. The present study 
may therefore point to ways of building better analogs of actual economic 
systems, apart from its intended contributions in the sphere of policy analysis. 
A summary of the model is presented in the following section, To illustrate 
the model’s usefulness and versatility in the evaluation of policies, its parameters 
are then assigned values which are typical of low-income economies, and 
simulations are performed to show the effects of a wide variety of policies on the 
growth of per capita income. In other words, the model is employed to show what 
consequences the policies would have in a hypothetical but representative under- 
developed economy. The policies selected here are as follows: 
(1) malaria eradication; 
(2) birth control; 
(3) malaria eradication in combination with birth control; 
(4) disarmament. 
After the summary description of the model, we turn to a discussion of the 
simulated effects of these policies. In the final section, we report the findings 
of some sensitivity analysis, which tell US to what extent the results are sensitive 
to the particular values assumed for the parameters of the model. 
We conclude from these experiments that authorities concerned with policy 
analysis in an underdeveloped country would do well to consider building and 
2See, for example, Coale and Hoover (1958), Holland and Gillespie (1963), Fromm and 
Taubman (1968), Enke and Zind (1969), Denton and Spencer (1971), Davies (1972), and Enke 
et al. (n.d.). 
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maintaining a model of the kind illustrated here. The set-up costs may appear 
considerable, but it should be recognize3 that the economies of scale in an 
enterprise of this sort are substantial. A model once built can be used for evalua- 
ting an indefinite number of policies. The costs of maintaining the model arise 
mainly from altering the values of the parameters as new information comes 
to light. These costs are not negligible, but they will usually be small in com- 
parison with the cost of initial construction. 
2. Summary of the model 
In this section we provide a brief description of the model employed in 
evaluating our selected policies. Since we are particularly inteiested in policies 
involving investment in human capital, the model, as noted above, is most detailed 
in its specification of the quantity and quality of labor inputs. A complete 
description of the model, using symbolic notation, is provided in appendix A 
below. 
We are concerned primarily with measuring the effects of the selected policies 
on income per equivalent consumer. Income or output is principally a function 
of the quantity and quality of both labor and capital. The model can therefore 
be divided into six segments, corresponding to the variables just mentioned : the 
population of equivalent consumers, income, the quantity of labor, the quality 
of labor, the quantity of capital, and the quality of capital. Each of these segments 
will be described in turn. 
2.1. Detemitmtiotl of the yoyulation of equiralol t comuttws 
(i) In counting the population of equivalent consumers, each individual is 
assigned a weight equal to the ratio between his ‘consumption needs’ and the 
needs of some standard group, such as adult males, The target variable in this 
study is defined as income per equivalent consumer rather than income per 
capita, on the grounds that the former concept is a more refi-ned measure of 
economic well-being. 
(ii) The popula’tion cohorts from which the population of equivalent con- 
sumers is derived are disaggregated by age {single years of age from zero through 
64, and then ‘65 or over’), sex, and educati0n.j Cohorts aged under eleven are 
differentiated only by age and sex. Cohorts aged between eleven and seventeen 
‘The poptllation cohorts are defined by single years of age (for example, males aged 7, 
aged 8, aged 9, and so forth) because the single year is the basic period of analysis used in the 
study. To yield annual data on output, the model calls for annual data on the size of various 
population subgroups, and these latter data are most readily obtained if the total population 
is already defined by single years of age. The procedure greatly increases the size of the total 
model (which ended up containing 1,690 equations), and does add a certain tedium to the ta\k 
of making initial preparations for computer work, but on balance is preferable to the altcr- 
natives. 
are differentiated by age and sex, and additionally by whether or not their 
members had completed primary school. Cohorts aged over seventeen are 
differentiated by age and sex and by whether their members had completed 
secondary school, primary school only, or neither. Hence in any one year the 
sizes of 338 cohorts have to be determined. The reason for differentiating the 
cohorts by educational attainment is that this variable is closely related to many 
others which play a part in the model, like disease rates, unemployment rates, 
and fertility rates. 
(iii) The population aged zero is given by the number of births occurring 
within the previous year, adjusted appropriately for infant mortality. The 
number of births is obtained by applying age-education-specific fertility rates 
to the relevant female population cohorts. These fertility rates are dependent on 
lagged infant mortality (because some births may represent attempts to replace 
children lost through death), income per equivalent consumer (representing the 
influence of current economic conditions), a trend term to reflect improvements 
in medical technology (leading to fewer miscarriages and stillbirths), and an 
exogenous term reflecting the influence of birth control programs. 
(iv) The population at each age above zero is given by the population one 
year younger in the previous year, adjusted for mortality. Death rates are defined 
separately for sex-age-education groups (ten-year age-brackets being used 
throughout most of the age range), and are functions of income per equivalent 
consumer. a trend term which reflects improvements in medical technology, 
and an exogenous term reflecting the influence of public health measures. In 
addition, death rates among children under eleven are affected by the average 
level of educational attainment among women of child-bearing age. This 
relationship recognizes the effect of education on standards of child care. 
2.2. Determination of income 
The level of income in each year of the simulation period is given by a four- 
input production function which assumes a constant elasticity of substitution 
between each pair of the four inputs or factors.4 These factors include capital 
and three varieties of labor distinguished by educational attainment. Each of the 
four factors in the function is characterized by a quality index. The function also 
includes terms to reflect economies of scale and secular improvements in 
resource allocation. 
2.3. Determination of labor quantity 
(i) The quantity of labor is defined as the aggregate annual number of hours 
4The assumption of a single elasticity of substitution for the four pairs of factors is clearly 
an oversimplification, but allowing for different elasticities would have increased very sub- 
stantially the complexity of the production function. For a discussion of the properties of the 
constant-elasticity-of-substitution function, see Arrow et al. (1961). 
of work. This total is obtained for each of the three varieties of labor by adding 
the hours worked by the members of the appropriate sex-age-education popula- 
tion cohorts. The hours worked by each cohort are obtained by multiplying the 
number of workers in the cohort by the average number of hours worked. 
(ii) The average number of hours worked is defined separately for each sex- 
age-education group and also varies with income per equivalent consumer 
(serving as a reasonable proxy for the average wage-rate), and morbidity 
(defined here as sickness causing absence from work). 5 
(iii) Morbidity rates, like death rates, are governed by sex, age, education, 
income per equivalent consumer, a trend term, and a term reflecting the effects 
of public health projects. 
(iv) The number of workers in each cohort is obtained by subtracting four 
categories of nonworkers from the population of the cohort: students, military 
personnel, other nonparticipants, and the unemployed. Rates of school atten- 
dance, military service, ‘other nonparticipation’, and unemployment are defined 
for each sex-age-education group. 
(v) School attendance rates vary not only with sex, age, and education, but 
also with income per equivalent consumer (again a proxy for the average wage- 
rate, and hence reflecting both the future returns and the present opportunity 
cost of additional s-hooling) and with lagged per pupil expenditures at the grade 
level in question (on the grounds that attendance rates are likely to be positively 
related to the expected quality of the schooling). The attendance rates are also 
dependent on an exogenous term reflecting the effects of government policy. 
Military service rates are exogenous. 
(vi) The rates of ‘other nonparticipation’ are related to age, sex, and educa- 
tion, and to income per equivalent consumer (a proxy for the average wage-rate). 
Unemployment rates by sex, age, and education groups are related to the 
aggregate capital-labor ratio. Implicit in this formulation is a ‘supply-side’ 
theory of unemployment, often espoused in the literature on economic develop- 
ment, according to which the number of persons employed will increase if the 
amount of capital available for them to work with is increased. A situation of 
this kind is compatible with profit-maximization if wages are set by institutional 
factors at a fixed level, related perhaps to subsistence requirements, which is 
in excess of the marginal revenue product of labor.6 
5The use of income per equivalent consumer as a proxy for the average wage-rate 1s a 
convenience, since the income variable already exists in the model, ~llere it is used for other 
purposes, while the creation of wage variables would involve specifying additional equations. 
The model could of course yield wage values without too much difficulty if wages were assumed 
to be systematically related to marginal or average product, because marginal or average 
product, disaggregated by educational attainment categories if necessary, could be calculated 
directly from the production function. 
‘For a discussion of this situation and its relevance for planning models, see Chakravarty 
(1969). At first glance it may seem that the existence of unemployment is incompatible with the 
CES production function specified above. However, this function renders unemployment 
impossible only if the assumptions are made that all labor markets are perfectly competitive 
and that wages are flexible downwards. These assumptions do not have to be made. The labor 
(i) Each of the three labor-input variables appearing in the production function 
is multiplied by an index of labor quality. Each of these global indexes is the 
weighted average of the quality indexes characterising the appropriate popula- 
tion cohorts. The weight applied to each of these individual cohort indexes is the 
number of hours worked by members of the cohort in question. 
(ii) The quality index for cuch cohort is based on three variables: the average 
stock of educational capital accumulated by the non-student members of the 
cohort, the average amount of on-the-job training accumulated by the cohort 
members. and their debility (defined as sickness causing a loss in effectiveness 
on the job). 
(iii) The stock of educational capital possessed by each cohort is measured 
by the cumulated sum of the educational expenditures made on behalf of the 
cohort members in previous years. Educational expenditures per pupil at each 
grade (primary, secondar),. and higher) are determined jointly by school atten- 
dance rates, the size of the total educational budget, and the ratios between per 
pupil expenditures at the three grades. All of these three determinants are in some 
degree subject to government control. 
(iv) The amount of on-the-job training accumulated by the members of a 
cohort depends on the number of hours which they have worked in past years. 
The assumption is made that the proportion of hours worked which are devoted 
to on-the-job training varies positively with the educational attainment of the 
workers receiving the training. The fraction of work-time spent receiving on-the- 
job training is assumed to decline with age. 
(v) Debility rates are governed by the same set of factors as morbidity rates 
and death rates. 
2.5. Dctcrtt~it~atiot~ of capitniqrratltit!, 
(i) The size of the capital stock at any point in time equals the size one year 
previously, adjusted for the depreciation and investment occurring in the 
interim. Allowance is made for Larying gestation periods of investment. 
(ii) Gross investment is determined by the amount of depreciation, private 
saving, and public saving. That is, an ‘availability-of-funds’ theory of investment 
behavior is assumed, rather than one based upon the demand situation or 
expected profitability. 
(iii) Private saving is related to private disposable income, the size of the 
population at dependent ages (under 15 and over 64), and the inflow of foreign 
private capital.’ Private disposable income is defined net of private expenditures 
terms in the production function. it Mill be noted, refer to employed labor and not to the 
potential labo;. force. 
‘The form of this function is based on one tested emDiricallv bv Leff (1969). The treatment of 
foreign capital inRobs in our model is someujhat undrthodix. These inflows are treated as a 
type of income part of which may be saved rather than as (definitionally) the difference between 
on medical care, in order to recognize that reduced morbidity is likely to lessen 
the demand for medical care and will thus release some funds to private saving. 
(iv) Public saving is defined as the excess of tax receipts and foreign economic 
and military aid over current government expenditures. 
(v) Tax receipts are governed by income, imports, and exports.8 Imports 
are determined by the quantity of foreign exchange available, that is, by export 
proceeds and foreign capital inflows. Exports are assumed to grow exogenously 
at a constant rate, an assumption which reflects the ‘enclave’ nature of export 
sectors in many underdeveloped countries. 
(vi) Current government expenditures are divided into live categories: 
expenditures for education, public, health, the armed forces, transfers, and other 
services. The amount of spending in each of these categories is determined by the 
revenues available, by the size of the client population (except in the case of 
military spending), and by whether a particular policy under evaluation (such 
as malaria control in the public health category) is assumed to be instituted. 
2.6. Dctclwination of capital quality 
(i) The index of the quality of the capital stock changes in each year as a 
result of differences between the quality of the stock at the beginning of the 
year, the quality of that part of the stock which disappears during the year 
through depreciation, and the quality of the new investment added to the stock 
during the year. 
(ii) The quality of each year’s investment is determined by the fraction of the 
total investment which consists of imported capital goods (presumed’to have a 
relatively high quality or productivity), the size of the domestic capital goods 
industry relative to the rest of the economy (on the grounds that a given outlay 
will buy more goods if the economies of scale permitted by a large-sized sector 
are operative). and on trend terms representing embodied technological 
progress. 9 
in\e,tment and domestic saking. Our procedur-e has’the advantage of allov,ing us to recognize 
that dilferent types of receipts ma> be subject to different sabing propensities. 
8Empil-ical support for the form of this function i5 pr-o~ided by Lotz and Morss (1970). 
“Quality indexes \\ere adopted for dilt‘cl-cnt components of the capital stock in an attempt to 
reflect the economic structure implied by the ‘t\\o-gap‘ models \rhich are v,idely used in analyl- 
ing policy problems of underdeveloped countrles. I-or an example of the two-gap approach, see 
Chencrb and Eckstein (1970). \ccording to this approach, economic growth is constrained 
by either a saving gap or a trade gap. If the foreign exchange constraint is operative, growth 
cannot be accelerated by any further domestic sa\ing, that is to saq, by any expansion in the 
output of domestlcallq produced capital good$. These good5 cannot be substituted for imported 
capital goods, \\hich can therefore be \ie\red ai being more productive or of higher quality. 
.4 problem \rith using the quality indexes, as t\\o referees of this paper have pointed out, is 
that the capital variable, being expressed in monetary terms, already incorporates the quality 
element. The prices of capital goods presumably I-eflcct their quality. A better approach, if 
the two-gap model is thought to be valid, might be to treat domestically produced capital and 
imported capital as separate inputs in the output function, with appropriate degrees of sub- 
stitutability between each other and the labor inputs. 
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(iii) Imported capital goods are a constant fraction of total imports. 
The method of constructing the model, and the way in which it works, can 
perhaps be further clarified by a diagram showing how the major variables are 
related to each other. Fig. 1 presents a simplified version of the mode1 in diagram- 
matic form, At the top is the target variable of major interest, income per 
equivalent consumer. The level of this variable is determined by the levels of 
population and income, which appear directly beneath it. Population is deter- 
mined by fertility and mortality, and income in this simplified version, is deter- 
mined by, three variables - labor quality, hours worked (or labor quantity), and 
Fig. I, Relations between variables in simplified model. 
capital. These three are in turn affected directly or indirectly by public sector 
variables subject to policy action -taxes and various categories of government 
spending. 
The arrows between the variables, indicating the direction of causation, 
provide a clear impression of the high degree of interdependence in the system. 
Only one of the eighteen variables appearing in this simplified version - exports - 
is exogenous, the source of arrows but the destination of none. The inter- 
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dependence can be illustrated by the role of the education spending variable, 
which is directly linked to seven other variables in the schema. Education 
expenditures are determined partly by (1) the volume of tax revenues available 
and partly by (2) the size of the client population, in this case children of school 
age. An increase in these expenditures will, after a lag, produce an improvement 
in (3) labor quality, but there will be negative effects on (4) hours worked 
(because students are assumed to be more likely to stay in school and out of the 
labor force if the quality of schooling is raised) and on (5) public saving. The 
higher levels of educational attainment which follow from the increased spendinp 
lead to higher standards of child care and hence to a decrease in (6) mortality 
and by such mechanisms as the postponement of marriage also reduce (7, 
fertility. 
3. Evaluation of selected projects 
The model described above was used to measure the long-term effects of several 
different government policies on income per equivalent consumer. Values for the 
parameters were assigned which were thought to be typical for underdeveloped 
countries. A variety of empirical studies and personal impressions were used 
in making these assignments. (The parameter values and statistical sources are 
listed in appendix C below.) In this way a hypothetical economy was created. 
At the start of the period of analysis (year l), this economy had a population of 
8.26 million. The population of equivalent consumers was 6.92 million, children 
and women being counted as fractional consumers. Income was $892 million, 
and income per equivalent consumer was therefore $129. The model was then 
employed to simulate the course of income per equivalent consumer over the 
next thirty years on the assumption that none of the selected policies had been 
instituted. At the end of the period of analysis (year 31) the population had 
grown to 14.40 million, the population of equivalent consumers to 11.82 million, 
income to $2553 million, and income per equivqlent consumer to $216. The 
implied average annual rates of increase were 1.9 ‘per cent for the population, 
1.8 per cent for the population of equivalent consumers, 3.6 per cent for in- 
come, and 1.7 per cent for income per equivalent consumer.’ ’ 
Each of the seiected policies was thkn instituted in turn (each one starting in 
year 2), and the simulations were repeated. Comparisons could then be niade 
between the path of income per equivalent consumer with each policy and the 
path without it. We now discuss the results of these simulations. 
3. I. Malaria eradication 
The adoption of the malaria eradication policy involved immediate reductions 
“‘These modest rates of increase, occurring over a prolonged period of simulation, suggest 
that the model was reasonably stable. All other simulations pointed to the same conclusion. 
in the rates of mortality, morbidity, and debility and also a rise in fertility rates.” 
There was also a gradual improvement in the allocation of resources as labor 
and capital were moved into fertile regions previously shunned through fear of 
the disease. The direct costs of the policy (for example, purchases of DDT and 
wages of spraymen) added a small amount to the public health category of the 
budget. 
The effect of the policy on the growth of income per equivalent consumer is 
5 
230 - 
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Fig. 2. The effects of selected policies on the growth of income per equivalent consumer 
shown in fig. 2. The effect was positive for the eight years following the adoption 
of the policy, and negative thereafter. By year 3 1, income with malaria eradica- 
tion was 15 per cent higher than otherwise. But the population of equivalent 
consumers was 22 per cent higher, and the level of income per equivalent 
consumer was therefore 6 per cent lower than the level reached without the 
policy. This general result duplicates qne obtained in an earlier study by one of 
the present authors [Barlow (1969)]. 
The positive short-run effects of malaria eradication on the growth of income 
per equivalent consumer were due to its immediate effect on the quantity and 
“Malaria tends to reduce fertility rates by causing miscarriages. The estimates of the 
mortality and fertility effects of the hypothetical project are derived from Newman (1965). 
The estimates of the morbidity and debility effects are derived from an earlier study by one of 
the present authors [Barlow (1969)]. 
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quality of labor. Fig. 3 shows the quick expansion in the total quantity of labor, 
which is measured as the sum of the three types of labor input appearing in the 
production function (secondary school graduates, primary school graduates, 
and nongraduates). This expansion was more the result of reductions in morbidity 
than of reductions in mortality. Most of the deaths prevented by malaria eradica- 
tion were among infants, who did not enter the labor force in appreciable 
numbers until much later. The quick improvement in the quality of labor 
occurred because of reduced debility. By year 3, the index of labor quality among 
nongraduates had already reached with the policy a level 4 per cent higher than 
it would have been otherwise. (Among primary and secondary graduates, the 
increases in the quality indexes were somewhat smaller, a fact which reflects 
I 5 I5 20 
,:“,I3 OF SIMULATION PERlOO 
25 30 
Fig. 3 The effects of selected policies on the growth of labor inputs. 
c 
the lower incidence of malaria among persons of better education and higher 
income.) These positive consequences were reinforced by the geographical 
reallocation of resources already mentioned and by the additional household 
saving occurring as a result of reduced morbidity. With less morbidity, there 
was less need to spend money on medical care. 
Eventually, the policy had a negative effect on income per equivalent con- 
sumer. The growth in income attributable to the policy was after a few years 
surpassed by the growth in the population. The reason for the relatively slow 
growth of income was that the expansion of the labor inputs was at least partly 
offset by a contraction of capital inputs. The increase in population had the 
effect of stimulating current expenditures in both the public sector and the 
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private, with the result that investment suffered a decline. The negative effects 
of malaria eradication on investment are shown in fig. 4.’ ’ 
3.2. Birth control 
In year 1, there was a crude birth rate of 41 per thousand in the prototype 
economy. The birth control policy consisted of preventing a sufficient number 
of births to bring about a reduction of one point in the crude birth rate each year 
Eradirafion 
YEAR OF SIMULATION PERKX) 
Fig. 4. The effects of selected policies on the growth of investment 
for fifteen years. The costs of the policy. which were an addition to the public 
health category of the government’s current expenditures, were initially assumed 
to be $10 per prevented birth. In an attempt to gain some indication of how 
expensive the policy could be before becoming unprofitable, an alternative cost 
assumption of $50 per prevented birth was made. 
The effect of birth control on income per equivalent consumer under the first 
of these cost assumptions is shown in fig. 2. The policy brought about a large 
12The fact that malaria eradication may reduce income per equivalent consumer in the long 
run is not, of course, by itself a reason for rejecting such a program. Other social objectives 
besides economic growth will normally be important, and positive contributions made by 
eradication towards these other objectives-such as the reduction of mortality - may be 
viewed as outweighing its negative effects on growth. It can be noted that the model used here 
can provide information relevant for many‘social objectives besides growth, for example, 
those in the areas of mortality, morbidity, debility, unemployment, and income inequality. 
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increase in income per equivalent consumer. In year 31, income per equivale_nt 
consumer was 21 per cent higher with birth control than it would have been 
without it. The assumption of the higher cost figure made virtually no difference 
to the size of the payoff to birth control. With the prevention of each birth 
costing $10, income per equivalent consumer in year 31 was $260; with each 
prevention costing $50, the figure was $257. Further experiments of this kind 
could indicate the ‘break-even’ cost of a birth control policy, that is, the unit 
cost at which the policy’s contribution to future income per equivalent consumer 
would be reduced to zero. Clearly the break-even cost would be very high, 
perhaps as much as $500 per prevented birth. 
The mechanism by which the birth control policy produced it:, ‘results is 
indicated in figs. 3 and 4. The policy made a negative contribution to the quantity 
of labor inputs, but any negative effect which this may have had on income was 
offset by the policy’s positive contributions to investment. With families smaller, 
saving propensities were increased in both the private and public sectors. More- 
over, the negative impact on the quantity of labor inputs did not become 
significant until many years had elapsed. As for the effect of the birth control 
policy on labor quality, this too was positive. Higher incomes per equivalent 
consumer meant less debility and better education. By year 31, the index of labor 
quality among primary graduates, for example, had reached 3.14 under condi- 
tions of birth control; without the policy the figure was only 2.91. 
3.3. Malaria eradication and birth control 
The next policy consisted of a combination of the two previous ones.’ 3 It was 
felt that malaria eradication and birth control might interact with each other 
in such a way that the effect of the combined policy on the growth of income per 
equivalent consumer would be significantly different from !he sum of the effects 
of the two policies operating in isolation. As it turned out, very little interaction 
was discerned. Malaria eradication by itself subtracted $12 from income per 
equivalent consumer in year 3 1, while birth control (at a cost of $10 per prevented 
birth) added $44. On the assumption of no interaction, one might conclude that a 
combination of the two policies would add $32 ($44 minus $12) to income per 
equivalent consumer. In fact the combination added an amount only $5 less 
than that. 
3.4. Disarmament 
The disarmament policy involved reducing the rates of military service 
ISThe birth control policy involved reducing fertility rates to achieve an annual reduction 
of one point in the crude birth rate. Because of the stimulative effect of malaria eradication on 
fertility, the two po lcles in combination resulted in a fall in the birth rate which was less than 
one pomt per perlocI 
applying to the various sex-age-education cohorts, reducing also the share of the 
armed forces in the government budget, and accepting a reduction in the inflow 
of foreign military aid. The result of all this, as shown in fig. 2, was a significant 
increase in income per equivalent consumer. By year 3 I, disarmament had raised 
income per equivalent consumer by 15 per cent. 
Disarmament produced these effects by augmenting both labor inputs and 
capital inputs, as indicated in figs. 3 and 4. The reduction in military service rates 
led to an immediate increase in labor inputs. The reduction in military expendi- 
tures was only partly offset by the cut in foreign aid, and disarmament therefore 
had the effect of raising public saving and hence investment. 
A number of other policies in the area of education and taxation were 
examined, including increasing the education budget, raising all school atten- 
dance rates, diversion of education expenditures between grades, and increasing 
tax revenues. These policies were found to have very little effect on the growth of 
income per equivalent consumer. The growth curve for each of these policies 
was not perceptibly different from the ‘No Policies’ curve shown in fig. 2, and 
the results of these simulations have therefore not been charted here. In each case 
the policy generated some negative effects on the growth of income per equivalent 
consumer which roughly offset its positive contributions. 
4. Sensitivity analysis 
In a large macroeconomic model like the one discussed in this paper, there 
will naturally be many ir.lportant parameters which are difficult to estimate due 
to a lack of data. If the model is to be used for policy analysis, it is therefore 
desirable to identify each of these parameters, assign alternative values to it 
(for example, a ‘high’ value, a ‘medium’, and a ‘low’), perform a separate 
simulation for each assumed value, and in this way see whether the judgment 
about the policy is sensitive to the particular value assumed for the parameter in 
question. 
In concluding our paper, we present an illustration of this kind of sensitivity 
analysis. The elasticity of factor substitution was selected as a parameter which 
was both important and difficult to measure. In the basic simulations reported 
above, a ‘medium’ value of 0.9 was assumed for this relationship between the 
four factors in the production function.14 A ‘low‘ value of 0.3 and a ‘high’ value 
of 1.5 were then assumed in turn, and the simulations were repeated for both 
the case.of no policies and the case of malaria eradication. The results of these 
experiments are shown in fig. 5. 
“A value of 0.9 for the elasticity of factor substitution means that, as regards any two of 
the four factors (capital, secondary school graduates, primary school graduates, and non- 
graduates), a 0.9 percent change in the ratio of their (quality-weighted) quantities is accompanied 
by a 1 per cent change in the ratio of their marginal products. 
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The sensitivity analysis indicates that the basic effects of malaria eradication 
on the growth of income per equivalent consumer were independent of the 
degree of factor substitutability. For all assumed degrees of substitutability, 
eradication made initially a positive contribution to income per equivalent 
consumer but ultimately -a negative contribution. The ‘cross-over point’ - the 
year when the contribution of eradication first became negative - did of course 
Fig. 5. Sensitivity analysis: The effects of alternative assumptions about the elasticity of 
factor substitution (6) on the evaluation of malaria eradication. 
vary with the assumed degree of substitutability. With elasticity values of 1.5 
and 0.9, this point occurred in years 7 and 11 respectively. With a value of 0.3, 
the point did not occur within the thirty-year period of analysis, although fig. 5 
clearly suggests that it would have occurred by year 35 or thereabouts. 
How should the decisionmaker react to these results? If future net benefits are 
to be significantly discounted, which means ignoring events occurring after, say, 
year 30, then the economic worth of malaria eradication seems to depend 
critically on the degree of Tactor substitutability. With an elasticity value of 0.3, 
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the verdict on the policy would be favorable; with a value of 0.9 or more, it 
would be unfavorable. Further research into the matter of substitutability would 
therefore be indicated. 
Appendix A’ 5 
bode1 equations 
Listed below are the equations of the model discussed in this paper. The 
sequence of the equations is patterned after the summary of the model appearing 
in the body of the paper. Endogenous variables are symbolized by upper-case 
letters, and exogenous terms by lower-case letters. 
Determination of the population of equitialent consumers 
PC, = Xi cai,;Pi,T,, 
‘i.J,k,t = brJ,-1(1_Di,o,,-l) Li = 01 
Pi.j,k,t = Ai,j-l.k-l,r-1 Pi,j-l,k-~,,,-l(l-Di,~,k~~l.r--l) 
[j= 11 andk = 
j= 18andk =“; s 
Pi.j,k,t = (~~~~.j-~,k-l,~-l~~~,j~l,k-l,r-~(~~~~,~,k-~,~-l~ 
[j= llandk =n; 
j = 18andk ==p] 
Pi,j,k,t = 'i,j-l,k,r-1 (1 - Di,j,k,r_ 1) [all sex-age-education 
classes not covered 
by eqs. (2) - (411 
B, = zjsk Pf.j.k,~Fj,k.r 
F7.k.r = Ifa:k/(l -f~k&,0,t-31(1 +fC)fu-'*fd'-fe~,k,r 
Di,j,k,t = l![l+(dai,~k+dbip/,,,-,,,,,,,,/p,,,I-,,,,) 
x (1 -dc;;j,k)-‘U~~iJ’k]-dei,i,k,, 
Determination of income 
-- 
Y, = ya(l +~~)‘~c(K,Q~,)-~~+~~~~~(L~,,QL~,~)-~~]-~~’~~ 
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Determination of labor quantity 
Lkst = 1 Hi,j,k.t Wi.j,k, 
Hi~~.k,, ‘~ ha,.,-.,@! ~(1 - MRi,;,k,,) 
MRi,T,k,r = I/[1 +rai,i,k(l -rb)-‘V;_,)-rdi,~,k,t 
Wi.j,k,t = Pi,j,k,r(l -Ai,j,k,r)(l -mSi,j,k.r)(l -Npi,~k,t) 
X (I - vNi,i,k,r) 
Ai,j.k,t = aay,k/[l +abi,j.k/(acU,-I +adj.kEPj,t-,)l 
Npi,;,k,t = l/(1 +nai,;,kUf!'i'+) 
UNi,i.h,r = l/I1 f’ai,i,k(K,lL,)ubi,i,k 
Determination of labor quality 
e%.t = (2 QLi,j,k,rHi,j,t,rWi,j,k,~)ILk.r 
i.i 
QLi,j,k,t = 4ai,j,k,rE~~~,~~jk~~i,j,k,~(1 -DBi,Ak,t) c 
EKi,j,k,t = [~~.j-l.k,t-l(l-Ai,j-l,k~,-l)f(Ai,i-l.k,f-l 
-Ai,j.k,r)(EPj-~,,-1+EPj-z,r-2+. . . 
+EP,,,-j-,)]/(1_Ai,j,k,r) 













EP7.t = er.$Pprimary grades,r [.i= secondary grades, higher grades] (2 1) 
C EXj,, = ED, (22) 
j 
JBi,j,k.t = JBi,j-l,k,i-l+jaj,k(Hi,~,k,t-l Wi,j-l,k.r-llPi,j-l,k,,-I) 
(23) 
DBi,T,k,t = I/[1 +bai,;,k(l -6b)-‘~~~,]-bdi,i,~,, (24b1 
Determination of capital stock quantity 
K, = &,(I-d)+IU, (25) 
ru, = z,IV,_,+ZJV*_Z+. . .+z~ZVt-, (26) 
IV, = SP,+SG,+d[(K,_,+K,)/21 (27) 
SP, = saPDi:bP;y;,,,P,;s$ over, + sfcF, (28) 
PDI, = Y, + TR, - d[K, _ 1 + K,)/2] - T, - MC, (29) 
MC, = ma{ Yt-+ TR,-d[(K,_, +K,)/2]-T,)mbPC;“‘M-R;d (30) 
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- 
i.i,k 
0, = fW(l +ub)’ 
i.j.k 
SG, = T,+EA,+MA,-ED,-PH,-MI,-TR,-OC, 
T, = Y,( ta + tb U,) + rc( X, + M,) 
M, = X,+CF,+EA,+MA, 
x, = xa(l +xb)’ 
EA,=wa(l +wb)’ 
MA,=gu(l +gb)’ 
ED, = se( T, +fwEA, +fgMA,)P;f ,7,, 
PH, = sh(T, ffwEA, +fgMA,)PC;h +x,PC, 
+xz C pi,j,k,rfei,i,k,t 
i.j.k 
MI, = sm + sn( T, +fwEA f +fg MA ,) + ( 1 -fg) MA, 
TR, = st(T,+fwEA,+fgMA,)PC;’ 
OC, = so(T,+fwEA,+fgMA,)PC; 
Determination of capital quality 
QK = {K, - I W, - I [I- 4q4lf Iu,Q~~,lIK, 
QZU, = [z,ZV,_,QZV,_,+Z~ZV~__~QZV,_,+. . . 
+zP’t-,QrV,-,1/W 
QZV, = (QZD,ZD, + QZM,IM,>/(ZD, + ZM,) 
QZD, = [df + dg(ZD,/ Y,)]( 1 + dh)’ 
QIM, = mf( 1 +mg)’ 
ID, = ZV,- IM, 
IM, = rmM, 





















‘Given the values of the parameters and the constraints on the value of D, this equation 
provides for the intended positive relationship between F on the one hand and D and V on 
the other, but the same relationship could obviously have been established more simply. 
rThis functional form was used in order to constrain the dependent variable to be greater 
than zero and less than one. 
‘Each attendance rate was also constrained from exceeding 95 per cent of the rate applying 
to the given cohort in the previous year. That is, 
A ,.,.k,r 5 0.95 Ai.]- I.L,I- I. 
This constraint did not apply, however, at the youngest school-going age (five years). 
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dThe sum of the z’s was constrained to equal one, which means that (z, x 100) per cent of 
the investment undertaken in a given year was utilized (as a productive part of thecapital 
stock) in the year following, [(z, + z2) x 1001 was utilized in the year after that, [(z, i- z2 + z,) x 
1001 was utilized in the year after that, and so forth. 
Appendix B 
Glossary of terms 
Listed below are the terms used in the model described above, excluding those 
structural constraints or parameters whose meanings are self-explanatory. All 
























school attendance rate 
parameter determining school attendance rate, increased for the policies 
of raising attendance rates 
number of live births (in thousands) 
annual rate of improvement in medical technology affecting debility 
change in debility rate due to malaria eradication policy 
births of sex i as a fraction of total births 
weight of consumption needs 




annual rate of improvement in medical technology affecting mortality 
change in death rate due to malaria eradication policy 
annual rate of technological progress embodied in domestically 
produced capital goods 
foreign economic aid 
total education expenditures 
accumulated educational capital per nonstudent (in thousands of 
dollars) 
education expenditures per pupil (in thousands of dollars) 
ratio between education expenditures per pupil in the 7 grades and 
education expenditures per pupil in the primary grades, changed for 
the policies involving a diversion of educational expenditures between 
grades 
education expenditures for all pupils of a given age 
fertility rate 
female 
annual rate of improvement in medical technology affecting fertility 
change in fertility rate due to malaria eradication or birth control 
policies 
J.P.E. c 



































fungibility of foreign military aid (fraction of such aid which in effect 
constitutes an addition to the government revenues available for 
general purposes) 
fungibility of foreign economic aid 
parameter determining foreign military aid, reduced for the disarmament 
policy 
annual rate of increase in foreign military aid 
mean annual hours of work among those working (in thousands) 
pertaining to each sex 
domestically produced capital goods 
imported capital goods 
investment of prior years utilized for the first time 
gross investment 
pertaining to each single-year age-group (j = 0, 1, 2, . . ., 64, 65 and 
over) 
pertaining to each multi-year age-group (e.g., O-4 years, 5-9, 10-14, . . .) 
index of accumulated on-the-job training 
capital stock 
pertaining to each educational attainment group (k = secondary 
school graduate, primary school graduate, nongraduate) 
aggregate annual number of hours worked (in millions) 
imports 
male 
foreign military aid 
private expenditures on medical care 
annual rate of technological progress embodied in imported capital 
goods 
military expenditures 
morbidity rate for sex-age-educational attamment group 
aggregate morbidity rate 
military service rate, reduced for the disarmament policy 
nongraduate (of primary school) 
rate of nonparticipation for other reasons 
other current government expenditures 
population (in thousands) 
primary school graduate 
population of equivalent consumers (m thousands) 
private disposable income 
public health expenditures 
index of quality of capital lost through depreciation 
index of quality of domestically produced capital goods 
index of quality of imported capital goods 
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index of investment quality 
index of capital quality 
index of labor quality for sex-age-educational attainment group 
aggregate index of labor quality for educational attainment group 
annual rate of improvement in medical technology affecting morbidity 
change in morbidity rate due to malaria eradication policy 
secondary school graduate 
parameter determining education expenditures, raised for the policy 
of expanding education’s share of the government budget 
public saving 




year of simulation period 
parameter determining tax revenues, increased for the policy of increas- 
ing tax revenues 
transfer payments 
income per equivalent consumer (in dollars) 
unemployment rate 
annual rate of increase in private foreign capital inflow 
number of workers (in thousands) 
annual rate of increase in foreign economic aid 
exports 
cost of malaria eradication poiicy per equivalent consumer (in thousands 
of dollars) 
cost of preventing a birth (in thousands of dollars) 
annual rate of increase in exports 
income 
annual rate of improvement in resource allocation and disembodied 
technology (raised for the malaria eradication policy in order to 
recognize the benefits from the geographical reallocation of resources 
induced by eradication) 
yc, yd ‘distribution’ parameters in constant-elasticity-of-substitution produc- 
tion function 
Ye ‘economies of scale’ parameter in production function 
YS ‘substitution’ parameter in production function 
z fraction of a previous year’s investment utilized for the first time in the 
current year 
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Appendix Cl6 
Values of exogenous terms 
Listed below are the values assumed for the parameters and exogenous 
variables in the basic simulation (‘no policies’) performed with the model 
described above. Footnotes indicate the statistical sources used as a basis for 
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16Footnotes a-i at the end of appendix C. 
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Term Subscript Term Subscript 








m, 11-17, p 
m, 11-17, n 
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m, 55-64, p 
m, 55-64, II 
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Term Subscript Term Subscript 
ia 33, n 0.031 



















































































48, s 0.056 
48, P 0.032 
48, n 0.016 
49, s 0.052 
49, P 0.030 
49, n 0.015 
50, s 0.049 
50, P 0.028 
50, n 0.014 
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Subscript Term Subscript 
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f, 55-64, s 
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Term Subscript Term subscript 
ub m, 35-44, s 0.436 
m, 3544, p 0.446 
m, 35-44, n 0.456 
m, 45-54, s 0.426 
m, 45-54, p 0.436 
m, 45-54, n 0.446 
m, 55-64, s 0.422 
m, 55-64, p 0.426 
m, 55-64, n 0.432 
A 11-17, P 0.426 
f, 11-17, n 0.446 
/, 18-24, s 0.544 
X 18-24, P 0.502 
f, 18-24, n 0.456 
f, 25-34 0.436 
f, 35-44, s 0.416 
A 35-44, P 0.426 
f, 35-44, n 0.436 
f, 45-54, s 0.408 
f, 45-54, P 0.412 
f, 45-54, n 0.416 
J 55-64, s 0.408 
f, 55-64, P 0.412 














































Footnotes to appendix C. 
‘Director of Education, Government of Ceylon (various years). 
bBarlow (1969). 
cDepartment of Census and Statistics (various years). 
“Coale and Hoover (1958). 
‘Newman (1965). 
‘Central Bank of Ceylon (1963). 
lCullumbine (1952, 1953). 
‘Leff (1969). 
‘Lotz and Morss (1970). 
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